GAS EMISSIONS AND MUTAGENIC EFFECTS OF DIESEL AND BIODIESEL FUELS by Thang, Phan Quang
  
Vietnam Journal of Science and Technology 55 (4C) (2017) 65-71 
GAS EMISSIONS AND MUTAGENIC EFFECTS OF DIESEL AND 
BIODIESEL FUELS 
Phan Quang Thang
*
, Dao Thi Phuong, Doan Thi Lien,  
Nguyen Thanh Thao, Hanh Thi Duong 
Institute of Environmental Technology (IET), Vietnam Academy of Science and Technology 
(VAST), 18 Hoang Quoc Viet, Cau Giay, Ha Noi, Viet Nam 
*
Email: thangpq@ietvn.vn 
Received: 10 September 2017; Accepted for publication: 14 October 2017 
ABSTRACT 
The Ames test has been used to evaluate the mutagenic effect of exhaust gas using diesel 
and biodiesel fuels (BDFs) from power generator. The Salmonella typhimurium (TA98 and 
TA100 tester strain) were cultured because of the most sensitive for organic pollutant. The direct 
sampling from gas emission for Ames test was the first time proposed. Six low molecular-weight 
methyl esters (LMW-MEs) found in exhaust gas when using biofuels have been tested to reveal 
that they are not mutagenic but toxic. The quality control standards such as dimethyl sulfoxide 
(DMSO) and sodium azide (NaN3) were used as negative and positive control in all culture 
processes. DMSO is the best adsorbent to trap the pollutants in exhaust gas. The mutagenic 
effects of Diesel fuel (DF) with Jatropha BDF (JCO) and waste cooking oil BDF (WCO) have 
been evaluated. The highest mutagenicity of WCO was observed in both TA 98 and TA100 
testers strain. For the same engine, the mutagenic test result is different between two kinds of 
BDFs. BDFs showed increased mutagenicity higher than DF with WCO>JCO>DF. The number 
of revertant colonies are 623>508>424 for TA100 and 66>50>41 for TA98, respectively. 
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1. INTRODUCTION 
Biodiesel Fuel (BDF) is derived from any plant or animal oil via transesterification of 
triglycerides with alcohol in the presence of a base catalyst. BDF has received considerable 
scientific attention for several decades. Although previous studies have shown some negative 
aspects related to the use of biodiesel, such as increased emissions of low-molecular-weight 
methyl esters (LMW-ME) [1], carbonyl compounds [2], increased ozone formation potential 
(OFP) [3] and increased NOx concentration compared to conventional diesel fuel emission [2], 
BDF is still the popular alternative fuel for the future because of features such as eco-friendly, 
renewable resource, degradable that is directly able to replace petro diesel in many engines 
without specific modification. In addition, BDF can be made from waste or inedible oil such 
waste cooking [4], cotton [5], Jatropha [6] or rubber [7] seed oil.  
 
 
Phan Quang Thang, et al. 
 
66 
The Ames test is developed by Bruce Nathan Ames [8] and his revised version [9] is a 
widely employed method that uses bacteria to mutagenic test. That method is a biological 
assay to assess the mutagenic potential of chemical compounds [10]. A positive result indicates 
that the chemical is mutagenic and therefore may act as a carcinogen (e.g. cancer is often linked 
to mutation). The test serves as a quick and convenient assay to estimate the carcinogenic 
potential of a compound because standard carcinogen assays on mice and rats are time-
consuming (taking two to three years to complete) and expensive. There are numerous studies of 
carcinogenicity and mutagenicity of BDF exhaust emission up to now. They concluded that a 
significant increase of mutation was found in emission extracted from both BDF and 
conventional fuel. Some reports showed that the diesel fuel (DF) is significantly higher when 
compared to BDF exhaust emission.  On the other hand, BDF has shown a higher mutagenic 
potential in the Salmonella assay than DF in the some literatures [11-12].  
A common theme in the previous studies is using the filter to collect particles, and then 
filter or the gas condensate (the solution is condensed by cooling) is extracted by solvent. Then, 
chemical substances are completely dissolved in dimethyl sulfoxide (DMSO), and tested by 
Ames method.  In this study we proposed a new method for collecting sample using mix ratio of 
water and DMSO to absorb chemical substance in the exhausted gas emission, and immediately 
check for the mutagenicity by Ames test.    
In addition, LMW-ME was investigated in our previous study [1], that  was also reported 
LMW-MEs are toxic compound. However, further studies are just at the stay of understanding 
how to generate the LMW-ME by detailed chemical kinetic study [13]. There is not available 
information of mutagenicity of LMW-ME except for methyl acrylate. Therefore, we also 
confirmed the mutagenicity of individual LMW-ME in the case of Ames test.   
2. METHODOLOGY 
Ames and coworkers developed the 
Salmonella typhimurium/ mammalian 
microsome assay that detects mutagenic 
properties of single compounds as well as 
of complex mixtures by reverse mutation 
of a series of S. Typhimurium tester 
strains, bearing mutations in the histidine 
operon [8]. In this study, tester strains 
TA98 and TA100 were used. The Ames 
test is the most frequently used test system 
worldwide for investigating mutagenicity 
of complex mixtures like combustion 
products. There types of fuel were used; 
Jatropha BDF, waste cooking oil BDF and 
diesel fuel, power generator’s emission 
gas were used to evaluate the 
mutagenicity. 
Combustion gas was absorbed by mixing ratio between DMSO and DI water. Five solutions 
1) H2O only; 2) H2O 3:1 DMSO; 3) H2O 2: 2 DMSO; 4) H2O 1:3 DMSO; 5) DMSO only were 
used to absorb. The flow rate was controlled by mass flow rate controller (KOFLOC, Model 
3660). An electric power generator (Yanmar YDG 250 VS with 2.5 kVA, four cylinders and 
Figure 1. Schematic of combustion gas sampling. 
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direct injection) was used for the emission test. Carbopack B with 60-10 mesh was used to 
absorb the organic compound emission. Figure 1 shows the schematic of combustion gas 
sampling. In this experiment, DMSO and sodium azide (NaN3) were used as positive control and 
negative control, respectively. 
3. RESULTS AND DISCUSSION 
3.1. Ames test process 
The media and mutagenic test process has been followed the guideline [10]. The absorbent 
solution or LMW-ME standard with tester strains TA98 and TA100 were spiked to media in the 
petri plate. There are different tester strains which can detect different types of mutations. The 
tester strains TA98 and TA100 detect frameshift mutations and base-pair substitutions, 
respectively, and were used in this study. They were shown to be the most sensitive for 
mutagens in the previous studies [14]. Every sample was tested in triplicate. Plates were 
incubated at 37 C for 48h in the dark, and revertant colonies on the plates were manual counted.  
To evaluate Ames test performance, we have to use negative control (DMSO) and positive 
control (NaN3) for testing. Several NaN3 concentration per plate were tested and Figure 2 (a) 
shows the result with standard deviation. The different number of colonies using negative and 
positive control is shown in Figure 2 (b). This result is consist with previous data [15, 16] which 
indicates that the method is enough reliability to evaluate. 
 
 
 
 
 
 
 
 
 
 
 
3.2. Six low molecular weight methyl esters (LME-ME) mutagenicity character  
 
 
 
 
 
 
 
 
Figure 3. Concentration of individual LW-MEs 
in the exhausted gas from an engine power 
generator using BDF (0  load means idling 
mode, From B0 to B100 are percentage of BDF 
in the fuel blends) 
 
LMW-ME 
Figure 2 (a). The number revenant per test 
with negative and positive control. 
 
Figure 2 (b). The number of colonies on the negative 
and positive control test. 
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As mention above, LMW-ME has investigated in our previous study, which was detected in 
BDF utilization only. From C4 to C9 LMW-ME concentration was shown in Figure 3, which 
detected in waste cooking oil combustion gas. The 0  load means idling mode, B0 to B100 is 
percentage of BDF in blend fuel using for engine. There are now no information about 
mutagenicity of the LMW-ME. Therefore, we have investigated and confirmed this character.  
The result is shown in the Table 1. The LMW-ME is not mutagenicity. The test range 
concentration is very large (0 – 4000 µg/plate), however, we could not find any mutagenicity. 
Among of 6 LMW-MEs, only C4 has also been reported by other authors. The number of 
colonies is decreased, if the concentration of LME-ME increases the test. That mean LMW-ME 
is toxic compound.  
Table 1. The toxicology and mutagenic information of individual LMW-ME. 
No Name of compound Formula 
LD50 
 (mg/kg) 
Non mutagenicity 
(Test range µg/plate) 
1 
Methyl 2- propenoate 
(Methyl acrylate)  
CH2CHCOOCH3 277 40 - 2500 
2 Methyl 3-butenoate  CH2CHCH2COOCH3 No infor. 4 - 3756 
3 Methyl 4-pentenoate  CH2CH(CH2)2COOCH3 No infor. 22 - 3640 
4 Methyl 5-hexenoate CH2CH(CH2)3COOCH3 No infor. 45 - 3640 
5 Methyl 6-heptenoate  CH2CH(CH2)4COOCH3 No infor. 45 - 3600 
6 Methyl 7-octenoate CH2CH(CH2)5COOCH3 No infor. 45 - 3600 
3.3. Exhaust emissions and mutagenic effects of diesel fuel 
Tester train TA100 is sensitive more than TA98, therefore TA100 was chosen for first 
screening. Figure 4 shows the result from five samples that are different mixing ratio between 
DMSO and DI H2O solution. However, the result is direct absorbent. If the sample 5 (DMSO only) 
is diluted several times (from 1 to 5 times). The observed data in Figure 5 indicated that the 
exhaust gas content toxic component, that why the number of colony is decreased if the solution is 
not diluted, therefore, dilution method was applied for all of absorbent ratio. Base on the colony 
number and quality of exhaust gas we have concluded that DMSO only is the best absorption. 
 
 
 
 
 
 
 
 
 
        
Figure 4. Five absorbed solutions using WCO-
BDF, TA 100 without dilution 
1) H2O only; 2) H2O 3:1 DMSO; 3) H2O 2: 2 
DMSO; 4) H2O 1:3 DMSO; 5) DMSO only. 
Figure 5. Absorbed solution (DMSO) with 
different dilution ratio. 
 
 
TA 100 
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In five time dilutions of absorbed solution and nine repeat experiment, Figure 6 indicated that 
the mutagen of BDF (both Jatropha and waste cooking oil) are higher than DF, and WCO is higher 
than JCO. this study needs more experiments to confirm and evaluation. This result is very 
consistent with recent previous study as mention in the introduction section. Almost authors have 
confirmed that BDF have mutagenic higher than petro diesel.   
We compare the mutagenic effects of DF with Jatropha and waste cooking oil BDF, the 
number of revertant colonies was observed. The chart indicates that BDFs have a stronger 
mutagenicity in both cases TA 98 and TA100 tester strain (Figure 6). The highest mutagenicity of 
WCO-BDF was observed. With the same engine, but the result is different between two kind of 
BDFs That showed increased mutagenicity higher than DF with WCO>JCO>DF. The number of 
revertant colonies respectively are 623>508>424 for TA100 and 66>50>41 for TA98.  
 
 
 
 
 
 
 
 
 
 
Figure 6. The number of revertant using Ames test with deferent fuel. 
We currently have no sound explanation for this effect. However, we suggest that WCO-BDF 
content more aromatic hydrocarbon and organic substance during thermal cracking compared to 
natural oil such as Jatropha. In order to explain the effect mutagenicity of BDFs, in course of 
previous investigations on vegetable oil as diesel fuel substitute we found a significant increase in 
mutagenicity for triglycerides. On the other hand, carbonyl compound and unsaturated fatty acids 
are a determinant for the mutagenicity of the exhaust that is higher emission in comparison to DF.  
4. CONCLUSIONS 
The results of this study have provided a new method for emissions gas sampling to 
evaluate the mutagenicity. That was direct absorption method using DMSO solvent. The method 
helped to collect both gas and particle phase and then absorbent can be directly introduced to 
Ames test without organic solvent extraction. This method is simpler and cheaper compared to 
using the filter and then extracted by organic solvent method. This method can be applied for the 
mutagenic test of unknown pollutant in the future. In case of Ames test, individual of LMW-ME 
have been confirmed that is very toxic compound but it is non-mutagenicity. In order to 
understand the mutagenicity of each LMW-ME compound and exhaust gas, more experiments, 
tester train, S9-bio activation and other mutagenic detection method need to be carried out. The 
emission gas and mutagenicity effect of several types of fuel were evaluated. BDFs were 
significant shown mutagenicity higher than DF.   
 
 
Phan Quang Thang, et al. 
 
70 
Acknowledgments. This research was funded by VAST, grand number ĐLT/12/16-17 and partially 
supported by SATREPS project entitled "Multi-beneficial measure for mitigation of climate change in 
Viet Nam and Indochina countries by development of biomass energy. The authors are also grateful to 
Prof. Masakaru Furuta and Prof. Yasuaki Maeda (Osaka Prefecture University, Japan). 
REFERENCES 
 
1. Thang P. Q., Maeda Y., Trung N. Q., Takenaka N. - Low molecular weight methyl ester 
in diesel/waste cooking oil biodiesel blend exhausted gas, Fuel, Part B 117 (2014)            
1170-1171. 
2. Guarieiro L. L. N., de Souza A. F., Torres E. A., de Andrade J. B. - Emission profile of 18 
carbonyl compounds, CO, CO2, and NOx emitted by a diesel engine fuelled with diesel 
and ternary blends containing diesel, ethanol and biodiesel or vegetable oils, Atmos. 
Environ. 43 (2009) 2754-2761. 
3. Thang P. Q., Yusuke M., Maeda Y., Trung N. Q., Yasuyuki I., Takenaka N. - Increase in 
Ozone due to the Use of Biodiesel Fuel Rather than Diesel Fuel, Environ. Pollut. 216 
(2016) 400-407. 
4. Thanh L. T., Okitsu K., Sadanaga Y., Takenaka N., Maeda Y., Bandow H. - A two-step 
continuous ultrasound assisted production of biodiesel fuel from waste cooking oils: A 
practical and economical approach to produce high quality biodiesel fuel, Bio. Technol. 
101 (2010) 5394-5401. 
5. Nabi M. N., Rahman M. M., Akhter M. S. - Biodiesel from cotton seed oil and its effect on 
engine performance and exhaust emissions, Applied Thermal Engineering 29 (2009)               
2265-2270. 
6. Luu P. D., Truong H. T., Luu B. V., Pham L. N., Imamura K., Takenaka N., Maeda Y. - 
Production of biodiesel from Vietnamese Jatropha curcas oil by a co-solvent method, 
Bioresour. Technol. 173 (2014) 309-316. 
7. Gimbun J., Ali S., Kanwal C. C. S. C., Shah L. A., Ghazali N. H. M., Cheng C. K., Nurdin 
S. - Biodiesel Production from Rubber Seed Oil using Activated Cement Clinker as 
Catalyst, Procedia Engineering 53 (2013) 13-19. 
8. Ames B. N., McCann J., Yamasaki E. - Methods for detecting carcinogens and mutagens 
with the salmonella/mammalian-microsome mutagenicity test, Mutat. Res. Genet. 
Toxicol. Environ. Mutagen. 31 (1975) 347-363. 
9. Maron D. M., Ames B. N. - Revised methods for the Salmonella mutagenicity test, Mutat. 
Res. - Environ. Muta. 113 (1983) 173-215. 
10. Mortelmans K., Zeiger E. - The Ames Salmonella/ microsome mutagenicity assay, Mutat. 
Res. 455 (2000) (1–2): 29–60.  
11. Bünger J., Bünger J., Krahl J., Munack A., Schröder O., Brüning T., Hallier E., Westphal G. - 
Combusting vegetable oils in diesel engines: the impact of unsaturated fatty acids on particle 
emissions and mutagenic effects of the exhaust, Arch. Toxicol. 90 (2016) 1471-9. 
12. Schröder O., Bünger J., Munack A., Knothe G., Krahl J. - Exhaust emissions and 
mutagenic effects of diesel fuel, biodiesel and biodiesel blends, Fuel 103 (2013) 414-420. 
 
 
Gas emissions and mutagenic effects of diesel and biodiesel fuels  
 
71 
13. Thang P. Q., Maeda Y., Trung N. Q., Takenaka N. - Detailed chemical kinetics for 
thermal decomposition of low molecular weight-methyl esters generated by using 
biodiesel fuel, Enviro. Progres. Sustain. Energy 35 (2016) 1190-1197. 
14. Bünger J., Krahl J., Hallier E., Baum K., Schröder O., Müller M., Westphal G., Ruhnau P., 
Schulz T. G. - Cytotoxic and mutagenic effects, particle size and concentration analysis of 
diesel engine emissions using biodiesel and petrol diesel as fuel, Arch. Toxicol. 74 (2000) 
490-498. 
15. Kumar A., Sharma K., Tomar M., Malik V., Kataria S. K. - Determination of Mutagenic 
Potential of Imidacloprid in Salmonella Typhimurium–TA 98 and TA 100 Following 
Bacterial Reverse Mutation Assay, Bio.  Bioengineering Res. 4 (2013) 703-710. 
16. Cherdshewasart W., Sutjit W., Pulcharoen K., Chulasiri M. - The mutagenic and 
antimutagenic effects of the traditional phytoestrogen-rich herbs, Pueraria mirifica and 
Pueraria lobata, Brazilian  Med. Bio. Res. 42 (2009) 816-823. 
 
 
